In future planning of the city, it is very important to consider the proper intelligent integration of renewable energy sources into the built environment for developing smart cities. Analysis of the wind velocity profile in the built environment is very important for finding out the energy content in the wind and also to analyze the performance of wind turbines in the built environment. In this study, building topologies of smart city are investigated for finding out the wind velocity profile and the wind turbine power output in the built environment. The wind velocity distribution across buildings is numerically simulated by using commercial CFD (Computational Fluid Dynamics) software CFD-ACE+. Wind turbine power output is estimated by using the power curve of real commercial wind turbine and wind velocity distribution simulated by CFD software. It has been observed that the wind is accelerated in the intervening space between the buildings irrespective of distance between the walls of adjacent buildings under the condition, which are investigated in this study. The wind is accelerated across buildings, and is reduced rapidly after blowing through buildings, and recovered gradually. Since the wind is accelerated in the intervening space between buildings and reduced in the area at the back of buildings, a wind turbine should be installed at the area at the back of the buildings and located on center between the buildings. In this work, it is observed that size dimensions and layout of the building are effective in realizing a smart city for utilizing renewable energy such as wind turbine in the built environment.
Introduction
Since a fossil fuel reserve is limited and a global warming by greenhouse gas like CO 2 is a worldwide problem, environment friendly energy sources are requested to fulfill the growing energy demand and also to replace the fossil fuelled existing power plants. Renewable energy sources such as wind, photovoltaic, solar thermal, geothermal and bio-energy draw attention from the world as an alternative environment friendly energy sources. Since the energy density of these described renewable energy sources is low and they are also nature dependent. It is very important to develop proper strategies to integrate these renewable energy sources into the network for buffering their intermittency and also to improve the power system stability with higher penetration of renewable energy sources. The smart grid is an effective way to integrate renewable energy sources into the existing energy system network [1] [2] [3] [4] [5] [6] . A future smart grid power system network will serve as a dynamic network for multi-directional energy flows, linking widely distributed small capacity renewable energy systems at consumer level (distribution network) and centralized higher-capacity power generators, facilitating active participation of customer choice for energy production/source and demand management, and also providing real-time information on the performance and optimal operation of the power system network [3] . A major evolutionary step in the grid's design, planning, and operation is needed using new design concepts and technologies which can be integrated into the power system network. Smart grid power system network configuration will provide clear economic and environmental benefits, and will contribute significantly to achieving a wide range of government objectives e.g. sustainable development, energy supply security, diversity and reliability etc. A smart grid research and technology development, demonstration and deployment effort has to harmonize with expansion of the power system infrastructure, the information and communications infrastructure with modern actuators/ sensors, and integration of new monitoring and control applications [3] .
In Japan, some demonstration projects of smart city are under contemplation [7] . In China, Tianjin City is being rebuilt as ecological city by project in collaboration with Singapore company [8] . This trend will continue and many cities will be rebuilt as smart city in near future. In the built environment, it will be difficult to integrate the renewable energy sources and distributed generators as the existing building infrastructure are not designed to integrate renewable energy sources into the network. In future planning of the city, it is very important to consider in the smart city design proper intelligent integration of renewable energy sources into the built environment.
In this study, building topologies of smart city are investigated for finding out the wind velocity profile in the built environment. Analysis of the wind velocity profile in the built environment is very important for finding out the energy content in the wind and also to analyze the performance of wind turbines in the built environment. The micro/mini-scale wind turbines are emerging as building integrated renewable energy technology due to advances in aerodynamic design, electric generators, power condition devices, increasing energy prices and the financial incentives provided by the government. The output from these built environment wind turbines are affected by the shear and shadow effects of the wind velocity profile distribution in the built environment. The generalized quantification of built environment wind turbines is uncertain. In the first phase, this study focuses on the size and layout of buildings in the smart city. In the built environment, the wind velocity distribution is mainly influenced by the dimensions, design and layout of the buildings. The analysis of the wind velocity profile in the built environment is very important to find the energy content in the wind. It will help in finding the effective wind energy input on the wind turbine and its output.
The concept diagram of this study has been illustrated in Figure 1 . The wind velocity profile changes in the built environment and accelerated by blowing through the buildings. Therefore the resulting wind velocity becomes more than the input wind before the inbuilt environment. It has been observed by the authors that in most of the studies the normal wind velocity profile has been considered for finding the performance of the wind turbines in the built environment. Therefore it is necessary to analyze the wind velocity profile in the built environment for analyzing the performance of the building integrated wind turbines taking into account the building profiles and their layouts.
The main objective of this study is to estimate the generated power output of wind turbine for wind velocity variations in the built environment by taking into account the building profiles and their layouts. Also, the effective design of building layouts are analyzed for obtaining the higher output from the building integrated wind turbines. As far as the authors' survey literatures, there is no study that analyzes the wind velocity distribution around building to obtain the higher output of wind turbine. In this study, the estimation of the power output of the building integrated wind turbine is analyzed by using the wind velocity distribution across the buildings. The wind velocity distribution across the buildings is developed/ simulated through a CFD (Computational Fluid Dynamics) software. The output power of the wind turbine is estimated by using the power curve of real commercial wind turbine and the wind velocity distribution around buildings.
Power Output Estimation of Building Integrated Wind Turbine

Simulation of Wind Velocity Distribution around the Buildings
In this study, a commercial CFD software CFD-ACE+ (WAVE FRONT) is adopted for numerical simulation of wind velocity distribution. This CFD software has many simulation code/tools for solving the fluid dynamics. The validation of the simulation procedure of this CFD software has been well established [9] [10] [11] [12] [13] [14] . The standard k   model is adopted in this study. In the CFD software, the continuity equation is given by [15, 16] :
where  is density, t is time and is velocity vector.
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The momentum equation is given by [15, 16] : 
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To validate the simulation code in the CFD software, the simulation result on wind velocity distribution around a block is compared with the reference [17] , which simulates the wind velocity distribution around a cubic block by standard k   model. Figure 2 shows the model simulated by the study [17] , which is used as validation in this work. The cubic block is 0.12 m on a side. Representative length of this model H is set at 0.12 m. Table 1 lists the simulation condition of the reference [17] , which is adopted for validation of this study. Most of the boundary conditions of this study are used from the reference [17] . The wind velocity distribution at inlet of the model is developed by using the equation given in Table 1 and Figure 3 . Outlet of the model is going without any disturbance of the built environment. The top layer of the model has been considered free (without any disturbance) though the reference sets slip condition. The slip on side wall of block is set by the following equation:
where 0.41 l  is the mixing length, 0.41 is Karman coefficient, is distance from wall of block. l After validation of the simulation procedure, the wind velocity distribution around the buildings, which is proposed in this study, is simulated. Figure 4 shows the Figure 1 , several numbers of buildings are required to accelerate the wind by blowing through the combination of buildings. This study sets three buildings and two wind turbines as basic combination. If the optimum condition can be obtained for accelerating the wind, then the high wind power generation will be available by doing the proper layout of the buildings and the wind turbines. As shown in Figure 4 , the wind turbine is not set in the model, resulting that the impact of wind turbine on downstream wind velocity distribution is not considered in this simulation work. Both sides of model have a slope which assumes a hill zone. This study assumes that the buildings are located at the bottom of the hill zone, and the wind blows through the hill zone. The main objective of this study is to suggest a proper location, where the wind velocity can be accelerated. Table 2 lists the simulation condition in this study. Wind velocity at inlet of the model is set by the following equation: 
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where 0 = 10.0 m/s which is the rated wind velocity of AEOLOS wind turbine of 50 kW class (AEOLOS: wind turbine manufacturer) [18] .
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In Equation (9), wind velocity is 10.0 m/s at the height of 30 m which is the hub height of the wind turbine when the wind reaches to the building.
Most of the boundary conditions in this simulation, excluding wind velocity at inlet of the model, follow the boundary conditions of simulation validation as shown in Table 1 .
Concept of Building Size Setting
This study assumes that building in the model is multi storied apartment. According to the statistics data collected by ministry of internal affairs and communications in Japan [19] , the average floor space of dwelling of Japan is about 100 m 2 per a household. The height of one floor is assumed as 4 m. Assuming that four households stay per floor, the floor space is 400 m 2 . In the simulation of this study, the width and depth of building is set at 20 m and 20 m, respectively. The height of building should be set over the height of wind turbine if we request an accelerated wind by blowing through buildings. In this study, the real commercial wind turbine is adopted for estimating the power generated by wind velocity distribution. AEOLOS wind turbine of 50 kW class [18] is adopted in this study. Table 3 lists the specification of AEOLOS wind turbine of 50 kW class. The hub height and rotor radius of this turbine is 30 m and 9 m, respectively, resulting that the height of building is set at 40 m.
Estimation of Power Generated by Wind Turbine
The wind at the area at the back of buildings is thought to be available for power generation by wind turbine, since the wind would be accelerated by blowing through buildings. The area at the back of buildings of 20 m, 30 m, and 40 m is assumed as the installation point of wind turbine. The wind velocity for calculating the power generated by wind turbine is obtained on 1049 points located in the area where the rotor of wind turbine rotates, that is, the swept rotor area. The wind velocity at each point on the swept rotor area is the averaged velocity in the local area of 0.5 m × 0.5 m. By using the wind velocity distribution of this local wind velocity, the wind energy can be calculated. Average wind velocity is estimated by using the following equation:
where ave is the average wind velocity, is the wind energy calculated for area where rotor of wind turbine rotates, is points for calculating wind velocity distribution (= 1049 points), U Q N A is the area where rotor of wind turbine rotates.
is summation of wind energy on each point for calculating wind velocity distribution. Wind energy at each point on the swept rotor area is calculated by the following equation:
where N Q is the wind energy at each point, N A is the area of each point which is equal to 0.5 m × 0.5 m, N U is the wind velocity at each point for calculating wind energy. In estimation of power generation, the wind energy at the point whose wind velocity is below 3 m/s is omitted since the cut-in wind speed of AEOLOS wind turbine of 50 kW class is 3 m/s.
The power curve of AEOLOS wind turbine of 50 kW is shown in Figure 5 . The authors derive the empirical equation from the data of power curve, which is provided by AEOLOS. Figure 5 indicates the relationship between wind and power, resulting that the power generated by this wind turbine can be estimated by using the power curve.
The power curve which is adopted in this study is as follows: 
where is a power of wind turbine. P
Results and Discussion
Validation of Numerical Simulation Procedure
To validate the performance of the present numerical simulation procedure, the wind velocity distribution around the block is compared with the result of reference [17] . Figure 6 shows the comparison of contour of wind velocity distribution around block onx z cross section between this study and reference. In this figure, the wind velocity distribution to x direction at 0 y H  is shown. 9 show the comparison of wind velocity distribution around block onx z cross section between this study and reference [17] . Figure 8 shows the change in wind velocity distribution to x direction at 0 y H  , while Figure 9 shows the change in wind velocity distribution to x direction at 1.0 y H  . In these figures, the wind velocity distribution at 0.75,1.5, 2.5 x H  is shown.
section between this study and reference. In this figure, the wind velocity distribution to x direction at 0.50 z H  is shown. According to Figures 6 and 7 , the results obtained by present numerical simulation procedure are in good agreement with the established results in reference [17] . The standardk  model can simulate the wind velocity distribution around block well. According to Figures 8 and 9 , the results obtained by present numerical simulation procedure are in good agreement with the established results in reference. The wind velocity distribution near the top of the model for this study is a little different from the reference, and it is due to the difference of the boundary condition as mentioned above.
However, this difference near the top of the model is not important in this study, since this work analyzes the wind velocity distribution around the building of 40 m height which is equal to 1.0 z H  in the validation. Since the good agreement is obtained around 1 .0 z H  in the validation, therefore it can be said that the availability of numerical simulation procedure in this study is proved. ), is investigated (where represents the distance between walls of adjacent buildings). In this model, and is located at the center of middle building among three buildings irrespective of . In this figure, black lines mean the separation lines which distinguish the different calculation domain in the model used for numerical simulation in this study. From this figure, it is seen that the wind is accelerated in the intervening space between buildings irrespective of under the investigating condition of this study, since some wind is over the initial wind velocity . Then, it can suggest that wind turbine sets at this area to obtain good wind velocity distribution.
Simulation of Wind Velocity
In addition, the wind velocity drops rapidly after blowing through buildings, and recovered gradually. Though the highest wind velocity is obtained for D/L = 1.0, the wind velocity drops rapidly after blowing through buildings. The wind velocity at the area at the back of buildings is recovered faster with increasing D except for D/L = 0.50. Regarding D/L = 0.50, most of wind cannot blow through buildings since the distance between buildings is narrow. The wind blows keeping from space between buildings, resulting that the wind velocity in the area at back of buildings is slow compared to other D. Since most of wind blows through surrounding of buildings, the wind velocity at area at the back of buildings which have enough distance from buildings are recovered rapidly by wind energy supply from surrounding wind. ). In addition, it is known that the wind is accelerated in the intervening space between buildings and reduced in the area at the back of buildings irrespective of and D x L under the investigating condition in this study. Therefore, a wind turbine should be installed at the area at the back of buildings and located on center between the two buildings. Moreover, when is narrow such as D D L = 0.50 and 1.0, it can be seen that slow wind velocity is in the area where the rotor of wind turbine rotates. Hence, it reveals that the optimum buildings distance exists for obtaining good wind velocity distribution. Table 5 . Comparison of Q, U ave and P among different x/L for D/L = 1.0. Table 6 . Comparison of Q, U ave and P among different x/L for D/L = 2.0. Table 7 . Comparison of Q, U ave and P among different x/L for D/L = 3.0. Power generated by wind turbine P [kW] buildings distance exists for obtaining good wind velocity distribution. Since ave is over 0 U for U D L = 2.0 and 3.0, it can be said that the accelerated wind is obtained by wind blowing through buildings. Finally, it is clarified that size, dimensions and layout of building are effective to realize a smart city for utilizing renewable energy in the built environment.
Conclusions
In future planning of the city, it is very important to consider the proper intelligent integration of renewable energy sources into the built environment for developing smart cities. In this study, building topologies of smart city are investigated for finding out the wind velocity profile in the built environment. Analysis of the wind velocity profile in the built environment is very important for finding out the energy content in the wind and also to analyze the performance of wind turbines in the built environment. The output from these built environment wind turbines are affected by the shear and shadow effects of the wind velocity profile distribution in the built environment. The wind velocity distribution across the buildings is simulated by CFD software. Wind turbine power output is estimated by using the power curve of real commercial wind turbine and wind velocity distribution simulated by CFD software. As a result, the following conclusions have been obtained from this study.
1) The results obtained by using the numerical simulation procedure are in good agreement with the established results in reference [17] . The numerical simulation procedure of this study is suitable for simulating the wind velocity distribution across the buildings.
2) The wind is accelerated in the intervening space between the buildings irrespective of under the investigating condition of this study.
D
3) The accelerated wind is obtained across buildings, and wind velocity drops rapidly after blowing through buildings, and recovered gradually. When the back distance from building is within 40 m ( 2.0 x L  ), the wind is accelerated and wind velocity drop toward x direction is relatively small.
4) The wind is accelerated in the intervening space between the buildings and reduced in the area at the back of buildings irrespective of and D
x L under the investigating condition of this study. A wind turbine should be installed at the area at the back of buildings and located on center between two buildings. 5) There is an optimum for obtaining good wind velocity distribution, in other words, high and .
